This study was designed to investigate the feasibility and effectiveness of a modified protocol for 18 F-FDG PET that was proposed to improve the identification of primary gastric malignancies. Methods: In the modified protocol, patients were asked to drink 300-500 mL of cow milk to distend the stomach immediately before PET scans instead of fasting all along. For investigation of the influence of ingested milk on 18 F-FDG distributions, 43 nondiabetic patients without documented gastric diseases underwent both empty-and distended-stomach PET scans (79 and 72 scans, respectively) in their serial follow-up studies. For the evaluation of proven gastric malignancies, 24 patients who underwent distended-stomach PET scans were compared with 17 patients who underwent conventional empty-stomach examinations. Results: Ingestion of milk nearly 1 h after 18 F-FDG injection had no significant influence on distributions to the heart (P 5 0.16), mediastinum (P 5 0.50), and liver (P 5 0.49), whereas the percentages of intense and moderate uptake in the stomach changed from 38.0% and 59.5% to 0% and 11.1%, respectively. With the normal gastric wall distended, malignant lesions were observed with higher contrast and clearer outlines, and some of them were detected at a small size (1.2 cm) at an early stage and with mild uptake. Conclusion: Gastric distention with milk just before 18 F-FDG PET is a simple and effective method for improving the evaluation of primary gastric malignancies.
Gast ric cancer is one of the most common malignancies, especially in Asian populations. It has been listed as the second leading cause of cancer-related death worldwide (1) . Early detection and subsequent curative surgical removal provide the only chances for long-time survival (2) . Although PET with 18 F-FDG as the tracer has been extensively used in oncology, it has limited value in the evaluation of primary gastric malignancies when routinely performed under fasting status (3) , mainly because of the high level of physiologic uptake in the contracted stomach (4) (5) (6) (7) .
To improve the evaluation of primary gastric malignancies, we proposed a modified PET protocol to distend the stomach immediately before 18 F-FDG PET and investigated its feasibility and effectiveness in clinical studies.
MATERIALS AND METHODS

Patients
Two groups of patients were involved in the study: one was selected to prove the feasibility of the modified protocol, and the other was selected to investigate its effectiveness in evaluating primary gastric malignancies. All of the patients were referred to the PET center at Peking Union Medical College Hospital for clinical purposes. The diagnoses of the patients are shown in Table 1 .
Group 1 included 43 patients (18 women and 25 men; 57 6 12 [mean 6 SD] y). They were selected to analyze the influence of milk ingestion on 18 F-FDG distributions in the body. All patients underwent both empty-stomach PET scans (79 scans, 1-6 scans per patient) and milk-distended-stomach PET scans (72 scans, 1-7 scans per patient) in their serial follow-up PET studies of nongastric malignancies; those with documented gastric diseases or diabetes mellitus were excluded. The intervals for paired PET scans under both conditions (empty stomach and distended stomach) ranged from 2 to 64 mo (24 6 15 mo [mean 6 SD]).
Group 2 contained 41 patients with proven gastric malignancies. Twenty-four of the patients (8 women and 16 men; 60 6 14 y) underwent distended-stomach PET studies to evaluate primary tumors, and the other 17 patients (3 women and 14 men; 62 6 16 y) underwent routine empty-stomach PET scans. The PET findings were compared with those of gastroscopy or surgery for each patient.
PET Protocol
The patients fasted for at least 4 h. The blood glucose level was tested for each patient; this level should be less than 6.7 mmol/L before intravenous injection of 18 F-FDG (7.4 MBq/kg). The patients then rested quietly in a warm and dark room for 1 h for the distribution of 18 F-FDG. The selected patients, who had no history of milk allergy, were asked to try to drink 300-500 mL of pure milk within 5 min before PET; the same procedures were used for routine empty-stomach PET, except for this step. All of the scans were performed with an ECAT EXACT HR1 PET system (Siemens/ CTI). The emission and transmission scans were acquired intermittently for 6 and 3 min, respectively, per bed position in a 2-dimensional mode. From the floor of the pelvis to the chin, each scan included 5 or 6 bed positions and lasted for nearly 1 h. The acquisition of the stomach region was usually obtained 20-30 min after the ingestion of milk. The images were reconstructed by use of an iterative algorithm (ordered-subsets expectation maximization) with attenuation correction and were displayed in coronal, axial, and sagittal views as well as in cinematic views of maximum intensity projections.
Data Analysis
Three experienced nuclear medicine physicians interpreted the PET images on a high-resolution computer screen. In visual analysis, gastric uptake was designated as intense, moderate, or mild (or indistinguishable) uptake, corresponding to uptake that was remarkably higher than, almost equal to, or remarkably lower than that in the liver, respectively. The shape and extent of any focal uptake and its relationship to the stomach were noted. For semiquantitative analysis, a region of interest was drawn over the corresponding region, and the average standardized uptake value (SUV) corrected for total body weight was calculated.
Statistical Analysis
SSPS software (version 12.0 for Windows) was used for statistical analysis. To determine the differences in the SUVs for the gastric wall, heart, mediastinum, and liver between the distendedstomach and the empty-stomach PET examinations for the same patients, we used the general linear model for repeated measures to analyze paired studies from the same patients. If more than one scan was obtained under each condition, then adjacent scans obtained under the 2 conditions were selected. A P value of ,0.05 was considered statistically significant.
RESULTS
Influence of Milk Ingestion on 18 F-FDG Distributions
Drinking 300-500 mL of milk immediately before PET effectively distended the stomach in most patients, and the level of physiologic gastric uptake was remarkably decreased through gastric distention ( Fig. 1 and Table 2 ). In the 43 patients (group 1) who underwent serial PET examinations under both conditions, the percentages of intense, moderate, and mild uptake levels in the stomach changed from 38.0%, 59.5%, and 2.5% in the empty-stomach condition (79 scans) to 0%, 11.1%, and 89.9%, respectively, in the distended-stomach condition (72 scans).
In the semiquantitative analysis, the adjacent empty-and distended-stomach PET scans of the 43 patients with serial PET follow-up examinations were compared to investigate the influence of milk ingestion on 18 F-FDG distributions in different organs and tissues. The interval between the paired PET examinations was 24 6 15 mo (mean 6 SD; n 5 43). Statistical analysis showed that the SUVs in the gastric wall were significantly decreased after gastric distention (Table  2) . However, the SUVs in the heart, mediastinum, and liver, which were most likely to change with the increase in the blood glucose level after food ingestion, were not significantly different on the paired PET images obtained from the same patient.
Evaluation of Gastric Malignancies
Of the patients with proven gastric malignancies (group 2), 24 underwent distended-stomach PET studies. With the stomach distended, gastric lesions were observed with high contrast and clear outlines, and the distended normal gastric wall had only mild or indistinguishable uptake (Fig. 2) . The filled gastric cavity without radioactivity also increased contrast. Therefore, the gastric malignancies were diagnosed with more confidence, and some of them were detected at a small size (up to 1.2 cm) and with mild uptake (up to an SUV of 1.76). The sensitivity in this group of patients was 95.8% (23/24). The only patient with negative findings had a mucinous adenocarcinoma that had an SUV of 1.32 at the corresponding region and that was indistinguishable from the moderately distended gastric wall (SUVs50.84-1.61).
Seventeen patients in group 2 underwent conventional empty-stomach PET scans. Twelve of them showed moderate to intense uptake in the gastric wall that was not related to the malignancies revealed by endoscopy or surgery (Fig. 2) . Among these patients, 4 underwent spot imaging of the stomach after gastric distention with food, which remarkably decreased the uptake in the normal gastric wall and accurately defined the range of malignant lesions. In 5 patients with only mild uptake in the normal gastric wall, the stomach had actually been moderately distended by remnant food, possibly because of delayed gastric emptying caused by the gastric malignancies.
DISCUSSION
High-level physiologic uptake in the stomach is commonly observed on 18 F-FDG PET and PET/CT images under conventional fasting status. In the present study, the percentages of intense and moderate uptake in the stomach reached 38.0% and 59.5%, respectively, in the 79 PET scans obtained under the empty-stomach condition. In another report including 300 18 F-FDG PET studies in a healthy Chinese population, over 55% of the patients had gastric uptake with SUVs of greater than 2.5, and only 15% had indistinguishable uptake (4) . In a report from The Netherlands, de Groot et al. reported that for 175 nondiabetic patients, 46% had clear stomach uptake and 5% had high stomach uptake (5). Therefore, intense 18 F-FDG uptake in the stomach has been found to be common in both Eastern and Western populations despite their dietary differences.
Nonspecific uptake in the stomach may be related to its richness in smooth muscle and digestive glands, and the pattern of physiologic gastric uptake has been described in other reports (6, 7) . When the stomach is full, the normal gastric wall will be remarkably distended and the level of uptake will seem relatively lower, whereas malignant lesions will not show much change in appearance because of their low elasticity; therefore, gastric distention may be one of the best ways to increase tumor-to-nontumor contrast.
Tian et al. conducted a prospective study to evaluate a vesicant-modified 18 F-FDG PET technique for the diagnosis and staging of gastric malignancies (8) . When the imaging field was moved upward to the umbilical level, 2-3 g of vesicant powder (producing 120 mL of CO 2 gas per gram within minutes after dissolving) was given orally and swallowed with 40-60 mL of water. This procedure improved the diagnostic confidence in their experience. Yun et al. used the water ingestion method to eliminate physiologic 18 F-FDG uptake in the contracted remnant stomach after subtotal gastrectomy (9) . After whole-body FIGURE 1. Comparison of emptystomach and distended-stomach PET studies from same patient. Patient (F, 57 y) underwent serial follow-up of cervical carcinoma of uterus after curative surgical removal and radiotherapy. Interval between 2 studies was 7 mo. Stomach (arrow) showing moderate to intense 18 F-FDG uptake in empty-stomach study (A, coronal images) changed to ''hollow'' region in distended-stomach study (B, coronal images). Note that heart, with intense uptake under empty-stomach condition, did not show prominent uptake after gastric distention with milk. imaging, patients were asked to drink water, and then spot imaging of the stomach was performed. This simple procedure also improved the diagnostic accuracy of 18 F-FDG PET in patients with suspected recurrence of carcinoma in the remnant stomach. However, both water and gas cannot remain long in the stomach; therefore, a PET scan must be completed as soon as possible after gastric distention. In a previous study, we used milk and bread to distend the stomach after conventional whole-body imaging and then performed stomach spot imaging; this technique also improved the evaluation of suspected primary gastric tumors (10) .
In the present study, we used a modified PET protocol in which patients were asked to drink cow milk to distend the stomach immediately before whole-body scanning. Two aspects of gastric distention with food before scanning should be considered. The first aspect is feasibility. The food used must be easy to ingest within a few minutes and, more importantly, the ingested food should not affect the distribution of 18 F-FDG among other organs. If the food is ingested 1 h after injection and the acquisition can be finished not long after ingestion, the potential effect of hyperglycemia on the distribution of 18 F-FDG may be small. In the present study, we confirmed this hypothesis by examining 43 patients with serial PET scans under 2 conditions (empty stomach and distended stomach); we found no significant differences between the 2 conditions for the same patients with regard to the distribution of 18 F-FDG in the heart, mediastinum (blood pool), and liver, which were most likely to be influenced by the food ingestion. In some cases, intense cardiac uptake could be observed in the empty-stomach condition, but it was not prominent after gastric distention with milk (Fig. 1) ; this result indicated that milk ingestion did not cause the heart to use glucose during scanning.
The second aspect is efficiency. Drinking 300-500 mL of milk just before the PET scans effectively distended most of the stomachs in the present study; the percentages of intense and moderate gastric uptake changed from 38.0% and 59.5% in the empty-stomach condition to 0% and 11.1%, respectively, after gastric distention. The average SUVs in the gastric wall significantly decreased, from 2.21 6 0.58 to 0.93 6 0.32 (mean 6 SD, n 5 43; P , 0.001), even if the acquisition of the stomach region took place nearly 20-30 min after the ingestion of milk. Furthermore, by raising the tumor-to-nontumor contrast through distending the normal gastric wall and filling the stomach with food (nonradioactive), this simple procedure remarkably improved the evaluation of gastric malignancies (Fig. 2) .
However, gastric distention with cow milk also had its limitations in the present study. First, some patients were allergic to cow milk or felt uncomfortable after drinking milk. For these patients, we recommended drinking water as an alternative, but the water was nearly emptied when the acquisition of the stomach region took place 20-30 min later. We next tried soya-bean juice instead; it had an effect similar to that of milk ingestion. Second, the stomachs were not fully distended in some patients. In future studies, we will try to add some solid food (e.g., bread and egg) to further delay the stomach-emptying process. In any event, a PET scan lasting for nearly 1 h from the pelvis to the neck is too slow for current practice. Many new PET systems can finish scanning within 20 min; therefore, this problem will be less prominent in the future.
CONCLUSION
Drinking 300-500 mL of cow milk immediately before PET can effectively distend the stomach without significant influence on 18 F-FDG distributions and improve the evaluation of gastric malignancies by increasing the contrast between primary gastric tumors and the normal gastric wall. We suggest that this simple modification of the PET protocol be used routinely for 18 F-FDG PET scans, especially in populations with a high incidence of gastric malignancies.
